In situ measurement of the electrical potential across the lysosomal membrane using FRET.
The progressive acidification of the endocytic pathway is generated by H(+) pumping of electrogenic vacuolar-type ATPases (V-ATPases) on the endosomal/lysosomal membrane. The determinants of pH during endosome maturation are not completely understood, but the permeability to ions that neutralize the electrogenic effect of the V-ATPase has been proposed to play a central role. If counter-ion conductance becomes limiting, the generation of a large membrane potential would dominate the proton-motive force (pmf), diminishing the pH gradient proportionally. Validation of this notion requires direct measurement of the electrical potential that develops across the endosomal/lysosomal membrane. To date, the measurement of lysosomal membrane potential (ψ(φ) ) in situ has been hampered by the inability to access endosomes by electrophysiological means and the fact that individual organelles cannot be discerned when using potentiometric fluorescent dyes. Here, we describe a noninvasive procedure to estimate ψ(φ) in intact cells, based on fluorescence resonance energy transfer (FRET). At steady state, ψ(φ) averaged 19 mV (lumen positive) and was only partially dissipated by inhibition of the V-ATPase with concanamycin A (CcA). ψ(φ) was considerably increased by alkalinization of the lysosome lumen by NH(4) Cl, implying that at steady state the V-ATPase operates at submaximal rates and that the contribution of ψ(φ) to pmf is relatively small. Our method should enable systematic studies of endosomal/lysosomal potential.